One of the newest approaches of toxicology is risk assessment, whereby scientific information on the hazardous properties of toxic agents and the extent of exposure results in a statement as to the probability that exposed populations will be effected. This process is a scientific attempt to identify and estimate the true risks 15) . Significant exposure-response relationship has been reported for both lung cancer and asbestosis. The cumulative exposure relation for lung cancer was reported to be linear on a multiplicative scale. Excess lifetime risk at permissible exposure level of Chrysotile (0.1 fiber/ml), was predicted to be about 5/1,000 for lung cancer, and 2/1,000 for asbestosis 16) .
In a recent review of the epidemiological evidence of exposure-response relationships for development of asbestosis, the World Health Organization Task Group on Environmental Health Criteria for Chrysotile asbestos (WHO 1998) concluded that fibrotic changes are common following prolonged exposures of 5 to 20 fiber/ml corresponding to cumulative exposures of 50-200 fiber/ml-yr for a 10-yr exposure 17) . Signs of lung fibrosis and increased mortality associated with asbestosis or nonmalignant respiratory disease have been observed in groups of workers with chronic cumulative exposures as low as 15-70 fiber/ml-yr for signs of lung fibrosis and 32-1,271 fiber/ml-yr for asbestosis-associated mortality 18) . Other authors have also explored pulmonary function of asbestos-exposed workers and their findings in order to support association between asbestos exposure and pleural fibrosis and restrictive lung function 19, 20) .
The risk of lung cancer associated with exposed occupational group indicated linear relationship with cumulative exposure. Integrated Risk Information System (IRIS) reported that occupational exposure for 20 yr at levels of 0.1 fiber/ml and 10 fibers/ml (measured by Phase Contrast Method) corresponds to 2 to 200 excess risks respectively per 1,000 persons 21) . Agency for Toxic Substances and Disease Registry has also presented linear doseresponse relationship model for computation of lung cancer risk 22) .
The objective of this study was to assess risk of young exposed workers to asbestos through determination of cumulative dose.
Materials and Methods
This study was carried out in brake shoe and clutch disk manufacturing plant in Iran. Brake shoe and clutch disk are manufactured by mixing components consisting of chrysotile asbestos with chemicals such as toluene, sulfur, ferrous oxide, carbon black, graphite, lead, resins and fillers. The mixtures are injected into molds. Asbestos products are further processed by finishing machines such as grinding, drilling, and cutting. Asbestos fibers and some of the compounds used for brake shoe and clutch disk are released into the indoor air mainly during weighing, mixing, pressing and finishing processes. In this study occupational exposure of all workers to asbestos fibers involved in a brake shoe manufacturing processes (61 male workers) with mean age of 34, ranging from 21 to 58 yr old were monitored for exposure to airborne asbestos and lung function tests. Consent of each worker for personal monitoring of exposure to asbestos, lung function tests and demographic information were obtained prior to actual examinations in routine work shifts.
Personal monitoring of worker's exposure to asbestos fibers for at least 4 h was conducted according to the NIOSH method 23) . In this study, personal sampling of all exposed workers (61 persons), weighing (3), mixing (11), pressing (25) and finishing processes (22) , were done by drawing a known volume of air through a 25-mm diameter cassette containing a mixed-cellulose ester filter. The cassette was equipped with an electrically conductive 50-mm extension cowl. Analysis of asbestos fibers in samples was done with a phase contrast microscope. Cumulative exposure as an index of the workers' exposure (fiber/ml-yr) was calculated by multiplication of personal exposure and duration.
Most studies of the risk of asbestos-related lung cancer in occupationally exposed workers indicate that the dose-response relationship is best described by a relative risk model, given by the equation below. Since this is a relative risk model, the absolute risk of lung cancer due to asbestos exposure depends not only on cumulative asbestos dose, but also on the underlying risk of lung cancer due to other causes 22) . Relative Risk = 1.0 + K l (cumulative dose) Absolute Risk = Relative Risk • Underlying Risk Based on American national average lung cancer risk data for male and female smokers and nonsmokers, EPA calculated the cumulative exposures of 0.035 fiber/ml-yr and 0.35 fiber/ml-yr represent excess lung cancer risks of 10 -4 for smokers and non-smokers respectively 24) . In this study, EPA method of calculation of excess lung cancer risk for smokers and non-smokers were used to compute proportionally excess lung cancer risks for categorized quartile ranges of cumulative exposure in our study group.
Lung function tests (FVC, FEV 1 and FEV 1 /FVC) were conducted on exposed population by a spirometer (Clinical ST-300 made by Fukoda Sungou Company) according to the method of American Thoracic Society 25) .
Statistical analysis
Unadjusted and adjusted correlation analysis was used to support the association between cumulative exposure (fiber/ml-yr) and lung function parameters (FEV 1 
Results
Basic characteristics of workers including age, BMI, height, smoking status and their typical exposure were organized in Table 1 . Work history of 42 percent of workers was less than a year and at the same time just 10 percent of workers had work history more than 20 yr. Exposure of study group was in the range of 0.06-8.06 fiber/ml, with a mean of 1.65 and standard deviation of 1.74 fiber/ml. Cumulative exposure were in the range of 0.02 to 110.77 fiber/ml-yr and geometric mean of cumulative exposure of different working groups in regard to their work histories were in the range of 0.14 to 53.68 fiber/ml-yr (Table 2) .
Risk assessment of different classes of workers in regard to lung cancer incident rate was computed according to respective geometric mean of cumulative exposures. Risk of lung cancer incidence for smokers according to the geometric mean of cumulative exposures 0.14, 1.42, 10.98 and 53.68 fiber/ml-yr for various cumulative exposure ranges, were projected 0.4, 4.06, 31.37 and 153.37 excess lung cancer per thousand exposed, respectively. Corresponding risk of lung cancer for groups of nonsmoker workers were estimated tenfold lower than smoking workers (Table 2) . Generally, 59 percent of all workers from smoker and nonsmokers have excess risk of lung cancer more than one per thousand ( Table 2) .
Based on ATSDR association of cumulative exposure with lung fibrosis, 24.6 percent of our exposed workers had cumulative exposure in range of 15-70 fiber/ml-yr, could result in signs of lung fibrosis 18) .
Correlation coefficients of FEV 1 and FVC adjusted for age and BMI of exposed total population with their cumulative exposure to asbestos (fiber/ml-yr) were significant (R=-0.37 and -0.26, respectively). Correlation coefficients of FEV 1 and FVC adjusted for age and BMI of exposed nonsmoker population with cumulative dose of exposure (fiber/ml-yr) were also significant (R=-0.40 and -0.48, respectively).
Discussion
Ninety five percent of workers in manufacturing brake shoe in this study had higher exposure than US Occupational of Safety and Health Administration (OSHA) permissible exposure level (PEL) at 0.1 fiber/ml. Since, acceptable risks according to OSHA, for carcinogens correspond to lifetime risks of less than 1 in thousand exposed populations 26) and corresponding risks of lung cancer and asbestosis at OSHA's permissible exposure level are 5/1,000 and 2/1,000, respectively 16) , the permissible exposure level of 0.1 fiber/ml is debatable. By using the lung cancer risk model by EPA 24) , excess risk of workers with cumulative dose of 0.14-53.68 fiber/mlyr were in range of 0.40-153.30 and 0.04-15.33 per thousand for smokers and nonsmokers, respectively. In comparison, according to IRIS 21) estimated excess risk of lung cancer for cumulative dose of 2-200 fiber/ml-yr was reported in range of 2-200 per thousand, which is an overestimate for nonsmoking population compared to results obtained in this study.
As stated by Gustavsson et al. 27) , cumulative exposure in low range (0-2.5 fiber/ml-yr) underestimates the true risk of cancer incidence. However, the majority of workers in this study, i.e. 52.5 percent had higher cumulative exposure than Gustavsson et al 27) . Lung cancer risks computed in this study according to the criteria stated by the EPA were substantial, especially for smokers. Generally, 59 percent of all exposed group from smoker and nonsmokers had excess risk of lung cancer more than one per thousand.
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Industrial Health 2010, 48, 38-42 Worker's with exposure higher than PEL % 95 cumulative exposure as low as 15-70 fiber/ml-yr 18) , and in this study 24.6 percent of workers had cumulative exposure in that range, which could have sign of lung fibrosis. Meanwhile, according to the WHO, 13.1 percent of our workers had cumulative exposures of 50-200 fiber/ml-yr, for which fibrotic changes were commonly reported 17) . Asbestos mining and milling have well characterized relations with a number of hazards for the respiratory system 28, 29) . In the current study, lung function performances were used to support the results of risk assessment of asbestosis through lung restrictive functional damage. Generally, correlations of lung function parameters such as FEV 1 and FVC adjusted for BMI of exposed groups were significant with cumulative exposure of workers. Recently, Bagatin et al. 30) using a similar approach, also found a significant effect of lower cumulative exposure on lung function levels in Brazilian workers and role of control measures in reduction of nonmalignant respiratory morbidity in asbestos exposed occupational groups was demonstrated. To remove the interference of smoking with lung function 31) , correlation of cumulative exposure with lung function parameters such as FEV 1 and FVC adjusted for BMI from exposed nonsmoker group, were also studied in this study and found to be significant.
Regardless of variations in exposure between workers within job tasks, incomplete information on earlier exposure levels, and possible errors in work histories of subjects, results of this study demonstrated high risk of asbestos exposed group for development of asbestosis and lung cancer. Unfortunately, the Iranian brake shoe factory has not paid much attention for controlling worker's exposure and from the age and work experience of workers, it is evident that there is high turn over in working group and large number of workers (42.6 percent) have less than 1 yr of work history. Despite the high turn over of workers in brake shoe factory, their cumulative exposures are considerable compared with other exposed group abroad [1] [2] [3] [4] . It must be emphasized that aging of workers even with discontinuation of their employment at brake shoe factory, could be accompanied with higher risk of asbestos relevant diseases. Considering successes of control measures in term of substitution of asbestos as raw material, application of engineering control systems, improvement of work practices in reduction of occupational exposure to asbestos fibers and encouraging workers to quit smoking in developed countries 30, 31) , risk management of high risk exposed group could be rationalized.
